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Summary
The recycling endosome localizes to a pericentrosomal
region via microtubule-dependent transport. We previously
showed that Sec15, an effector of the recycling endosome
component, Rab11-GTPase, interacts with the mother
centriole appendage protein, centriolin, suggesting an inter-
action between endosomes and centrosomes [1, 2]. Here we
show that the recycling endosome associates with the
appendages of the mother (older) centriole. We show that
two mother centriole appendage proteins, centriolin and
cenexin/ODF2, regulate association of the endosome com-
ponents Rab11, the Rab11 GTP-activating protein Evi5, and
the exocyst at the mother centriole. Development of an
in vitro method for reconstituting endosome protein com-
plexes onto isolated membrane-free centrosomes demon-
strates that purified GTP-Rab11 but not GDP-Rab11 binds
to mother centriole appendages in the absence of mem-
branes. Moreover, centriolin depletion displaces the
centrosomal Rab11 GAP, Evi5, and increases mother-
centriole-associated Rab11; depletion of Evi5 also increases
centrosomal Rab11. This indicates that centriolin localizes
Evi5 to centriolar appendages to turn off centrosomal
Rab11 activity. Finally, centriolin depletion disrupts recy-
cling endosome organization and function, suggesting a
role for mother centriole proteins in the regulation of
Rab11 localization and activity at the mother centriole.
Results and Discussion
The Exocyst, Evi5, and Rab11 Localize to Mother Centriole
Appendages
Onemother centriole protein, centriolin, interacts with the exo-
cyst subunit Sec15 [1], a known effector of the recycling-endo-
some GTPase, Rab11 [2, 3]. Because centriolin localizes to
subdistal appendages of the mother centriole [1, 4], we asked
whether recycling endosome components cofractionated with
isolated centrosomes (see Supplemental Experimental Proce-
dures available online, [5]). Sucrose fractions prepared for
immunoblotting showed that the endosome components
Sec15, Rab11, and theRab11GTPase Evi5 [6–8] were enriched
in fractions defined by the centrosome components g-tubulin,
centriolin, and pericentrin (Figure S1A; [5]). The ability of
these endosomal proteins to associate with isolated centro-
somes demonstrated that they were bona fide centrosome
components.
Centrosome localization of endosome-associated proteins
was initially observed in cells (e.g., Sec15, Sec6, Rab11, and*Correspondence: stephen.doxsey@umassmed.eduthe Rab11 GTPase, Evi5, Figure S1D). To more precisely test
for mother centriole localization, we examined centrosome
fractions from sucrose gradients that were spun onto cover-
slips andprepared for immunofluorescence. Quantitative anal-
ysis showed a significant fraction of Rab11 (90%), Sec15
(90%), Exo84 (50%), and Evi5 (20%) at the mother centriole
(Figures 1A and 1B). These results are likely an underrepresen-
tation, because only centrosomes with exclusive localization
to the mother centriole were scored. In contrast, neither
Rab8, another GTPase with recycling endosome localization
[9], nor the Rab11 effector FIP3 [10, 11] showed significant
localization to isolated centrosomes (Figure 1B). It is possible
that these proteins may associate but are less integral and lost
in the purification process.
We examined mother centriole appendages role in an-
choring endosome-associated components. Cenexin/Odf2 is
amother centriole appendage protein whose depletion specif-
ically disrupts the integrity of appendages, but does not affect
overall centrosome structure ([12]; Figure 1D; Figures S1C
and S1D). Cenexin depletion (Figure 1C) mislocalized the
appendage protein centriolin ([12, 13]; Figure 1D), as well as
Rab11, Evi5, and the exocyst components Sec15 and Sec6
(Figure 1D; quantification in Figures S1B andS1C). This pheno-
type was observed in both isolated centrosomes (Figure 1D)
and centrosomes in situ (Figure S1D). In parallel studies, cen-
triolin depletion [1] did not affect cenexin localization (Fig-
ure S1C). We conclude that several endosome-associated
components (Rab11, Evi5, and the exocyst subunits Sec15
and Sec6) require appendages for their localization to the
mother centriole.
Centriolin Regulates Exocyst and Evi5 Mother Centriole
Localization
To understand the molecular organization of endosome com-
ponents at mother centriole appendages, we tested centriole-
appendage localization following depletion of appendage or
endosome proteins. Centriolin depletion diminished the cen-
trosome localization of the exocyst subunits Sec15, Sec6,
and Exo84, as well as Evi5 (Figure 2A). In contrast, depletion
of Evi5 (Figure 2A; Figure S2C), Rab11 (Figure 2A; Figure S2A),
or Sec15 (data not shown) had no effect on centrosome local-
ization of centriolin, confirming centriolin-anchoring of these
molecules (Figure 2A).
We next tested the requirement of centriolin for Sec15
mother centrosome localization using a competition assay
(Figure 2B; Figure S2B).When expressed in cells, the centriolin
Nud1 domain, previously shown to interact with Sec15 [1],
decreased mother-centriole-associated Sec15 in isolated
centrosome preparations (2-fold, Figure 2B). In contrast, the
centriolin C terminus, which does not interact with Sec15 [1],
had no significant effect. Taken together, these findings
suggest a hierarchy of centrosome organization, where cen-
exin and appendages anchor centriolin, which, in turn, anchors
Sec15 and Evi5 (Figure 2A).
We confirmed that myc-tagged-Evi5 coimmunoprecipitated
Rab11 [7, 8], as well as the exocyst subunit, Exo84 and centrio-
lin (Figure S2D). Thus, the molecular organization of this sub-
complex at the centrosome was examined. Sec6 depletion
Figure 1. Recycling Endosome Components Associate with Appendages of the Mother Centriole
(A) Membrane-free centrosomes were isolated from cells expressing centriolin-mVenus (green), spun onto glass coverslips [31] and stained for centro-
somes (5051, blue) and Rab11 (red). Rab11 costained with centriolin-mVenus, which was concentrated on the mother centriole [4]. Merge of 5051, centrio-
lin-mVenus, and Rab11 signals are shown in white. Scale bar represents 1 mm.
(B) Percentage of Sec15, Rab11, Exo84, Evi5, FIP3, Rab8, centriolin, and 5051 that localize to isolated centrosomes (both centrioles) and concentrate on the
mother centriole (as in A), (n = 3 independent experiments; error bar is SE, 150 centrosomes/bar).
(C) Cell lysates from cells treated with lamin (control) or cenexin siRNAs show cenexin depletion and no significant changes in the levels of other proteins.
(D) Isolated centrosomes (as in A) from cells depleted of cenexin or lamin were stained for centrin (green), Sec15 (red), Rab11 (red), Evi5 (red), centriolin (red),
and cenexin (red). Bottom images show centrin.
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1945caused the expected decrease in centrosome-associated
Sec6 and Sec15, suggesting exocyst complex disruption (Fig-
ure 2C). Moreover, exocyst disruption mislocalized Evi5 from
centrosomes (Figure 2C). In contrast, Evi5 depletion had no
effect on centrosome association of the exocyst (Figure 2A)
suggesting that the centriolin-bound-exocyst anchors Evi5 at
centrosomes (Figure 2D). We conclude that centriolar-
appendage-bound centriolin anchors the exocyst and Evi5.
Rab11 Activity Governs Its Association with Mother
Centriole Appendages
The dependency of Rab11 on cenexin (Figure 1D) for its local-
ization to the mother centriole, suggested that these proteins
might interact. This idea was supported by related data
showing that a cenexin splice variant, cenexin-3, which local-
izes to the primary cilium, interacts with Rab8-GTP [14]. Rab8
and Rab11 share certain effectors that include the exocyst
subunit Sec15 [2], and they may share others. Immunoprecip-
itated Rab11 pulled down full-length endogenous cenexin. In
a reciprocal experiment, cenexin immunoprecipitation pulled
down Rab11 (Figure S3A). In addition, full-length cenexin
expressed in cells and a C-terminal cenexin domain (GFP-T6) interacted with Rab11 but an N-terminal domain did not
(GFP-T3) (Figure S3B). To our knowledge, this is the first
demonstration of an interaction between the endosome
protein Rab11 and the centrosome appendage protein cen-
exin. This interaction may provide the structural and functional
link between the endosome and centrosome.
We tested whether the GTP-binding state of Rab11 plays
a role in its ability to associate with cenexin (Figure S3C) and
more importantly, themother centriole (Figure 3A; Figure S3D).
Cenexin showed a significant preference for the constitutively-
active Rab11 (Q70L) compared to the dominant-negative form
(Rab11-S25N) (Figure S3D). Immunofluorescence staining of
isolated centrosomes from cells expressing Rab11 (Q70L)
and wild-type (WT) Rab11 showed colocalization with the
mother centriole w80% of the time, compared with w20%
for the dominant-negative Rab11 (S25N, Figure S3D).
Based on these findings, we developed an in vitro assay for
reconstituting endosome protein complexes on isolated
centrosomes to test for direct binding of purified bacterially
expressed GST-Rab11 to centrosomes in the absence of
microtubules and membranes. We found that GST-Rab11
coupled to the GTP analog, GTPgS, showed increased binding
Figure 2. Centriolin Regulates the Centrosomal Localization of the Exocyst and Evi5
(A) Cells stably expressing centriolin-mVenus (green) were stained for Sec15 (red). Scale bar represents 10 mm. Below the immunofluorescence images, we
show the percent of cells with centrosome (stained with 5051) localized Sec15, Sec6, Exo84, Rab11, Evi5, centriolin, or cenexin. These values were calcu-
lated in cells treated with siRNAs targeting lamin, Rab11, centriolin, or Evi5 (n = 3 experiments, n = 50 centrosomes/treatment/experiment. Error bar is SE).
(B) Centrosomes isolated from cells expressing GFP, GFP-Nud1, or GFP-C terminus were stained for centrin (green) and Sec15 (red). On the right, the
fold-change of Sec15 on isolated centrosomes was calculated (n = 3 experiments, p < 0.02, n > 25 centrosomes/treatment. Error bar is SE).
(C) Left, exocyst disruption (Sec6 depletion) diminishes Evi5 and Sec15 signal at centrosome. On the right, the quantification of percent of cells with no
centrosome localization is shown (n = 3 experiments, *p values < 0.02, error bar is SE). Lamin depletion was used as control.
(D) Proposed structural model for the hierarchy of molecular anchoring at the mother centriole: (1) cenexin anchors centriolin at the appendages of
the mother centriole, (2) centriolin anchors its binding partner the exocyst, and (3) the exocyst anchors Evi5, which is a known binding partner of
Rab11-GTP and its proposed GAP.
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1946to the mother centriole compared to GST-Rab11 coupled
to GDP (2.5-fold, Figure 3A). Importantly, binding of GST-
Rab11-GTPgS to isolated centrosomes was inhibited in cells
depleted of cenexin (Figure 3A). These biochemical and
morphological data show that GTP-bound Rab11 preferen-
tially associates with the mother centriole, through cenexin.To assess the role of Rab11 activity in mother centriole
association, a centrosome-localized Rab11 GAP, we depleted
Evi5 [6–8], from cells ([15]; Figure S2C). Evi5 depletion signifi-
cantly increased Rab11 (Rab11-GTP) at the mother centriole
(Figure S3E). We showed that this was due to Evi5 GAP
activity by comparing the amount of active-Rab11 in Evi5
Figure 3. Membrane-free Rab11-GTP Specifically Associates with Cenexin at Mother Centrioles
(A) Isolated centrosomes from GAPDH- or cenexin-depleted cells were incubated with purified GST-Rab11-GTPgS or GST-Rab11-GDP, spun onto glass
coverslips, and stained for centrin (green) and GST (red). Below, GST intensity at centrosome was calculated. Representative of n = 3 experiments,
n > 100 centrosomes per condition. P value is p < 1 3 1024 between Rab11-GDP and Rab11- GTPgS in control cells; error bar is SE.
(B) Isolatedcentrosomeswere incubatedwithpurifiedMBPorMBP-Evi5N,spunontoglasscoverslips,stained forRab11 (green),MBP (blue),or centrin.Below,
Rab11 intensity at centrosome was calculated. Representative of n = 3 experiments, n > 30 centrosomes/condition. P value is p < 13 1024. Error bar is SE.
(C) Isolated centrosomes from cells depleted of centriolin were stained for centrin (red), Evi5 (green), and Rab11 (green). Scale bar represents 1 mm. Below,
Rab11 (gray) or Evi5 (green) intensity at the centrosome was calculated. Representative of n = 3 experiments with p value < 13 1024, n > 50 centrosomes/
treatment/experiment; error bar is SE.
(D) Model for regulating Rab11 activity at the mother centriole. Cenexin organizes centriolin, Exocyst, and Evi5. The mother centriole localization of Evi5 can
then act on Rab11-GTP and convert it to inactive Rab11-GDP.
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Figure 4. Mother Centriole Appendage Protein Depletion Disrupts Recycling Endosome Function
(A) TEM of cells after endocytosis of Tfn-HRP-DAB, showing reaction product around the mother centriole and concentrated near appendages (four small
white arrows, right panel). Arrowheads (black) depict ‘‘trails’’ of Tfn in left and right panels. Scale bar represents 1 mm.
(B) Image of a single centriole with electron-dense Tfn-HRP-DAB filled endosomes emanating from what appear to be centriole appendages (small white
arrows indicate appendages; large black arrowheads indicate ‘‘endosome trails’’ of Tfn). Scale bar represents 500 nm.
(C and D) Cells were treated with centriolin small hairpin RNA (shRNA), nontargeting (NT) shRNA (control), or cenexin shRNA.
(C) Cells were incubated with Alexa Fluor 594-conjugated Tfn (red) and chased for up to 60 min with nonconjugated Tfn. Cells were fixed at the indicated
times. Insets show cells with GFP-shRNA expression.
(D) Biotinylated-Tfn filled cells were chased with nonconjugated Tfn for indicated times. Biotinylated-Tfn levels were quantified by densitometry
(the difference between NT-shRNA and centriolin shRNA or cenexin shRNA at 40 min is statistically significant, p value < 0.05, n = 3 experiments, error
bar is SE).
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1948depleted cells compared to control (Figure S4D). In a recip-
rocal experiment, a maltose-binding protein (MBP)-tagged
bacterially expressed Evi5 N-terminal GAP domain (MBP-
Evi5N) ([16, 17]; Figure 3B) was purified and added to isolated
centrosomes. This induced a decrease in endogenous
mother-centriole-associated Rab11 (versus, MBP alone, Fig-
ure 3B). Taken together, the increase in active Rab11 at the
mother centriole (1) in the in vitro Rab11 centrosome binding
experiments (Figure 3A), (2) in cells depleted of Evi5 (Fig-
ure S3E), and (3) in cells expressing Rab11 mutants (Fig-
ure S3D) provides strong evidence for a model in which the
association of Rab11 with the mother centriole appendagesis specific and enhanced when the GTPase is in its active,
GTP-bound state.
We examined the relationship between Rab11 and Evi5.
Earlier, we showed that Evi5 is mislocalized from mother
centriole appendages upon cenexin or centriolin depletion
(Figures 1D and 2A). In contrast, Rab11 is mislocalized from
appendages only in cenexin-depleted cells (Figures 1D and
2A). When isolated centrosomes were prepared from centrio-
lin-depleted cells lacking Evi5 (Figure 3C), there was a signifi-
cant mother-centriole-specific increase in Rab11 levels (Fig-
ure 3C). We propose a model where Evi5 bound to cenexin
through centriolin regulates the activity of cenexin-bound
Mother Centriole Appendages Interact with Rab11
1949Rab11 at the mother centriole and possibly endocytic recy-
cling (Figure 3D).
Endosomes Are Organized around Mother Centriole
Appendages, and Their Recycling Activity Requires
Centrosome-Associated Endosome Proteins
We have shown that endosome proteins localize to mother
centriole appendages. We next asked whether centrosome-
anchored endosome components regulate endosome organi-
zation and function. We examined endosome organization
at the centrosome by labeling endosomal compartments
with transferrin (Tfn)-HRP (horseradish peroxidase) (see
Supplemental Experimental Procedures) and examined the
electron-dense Tfn-HRP reaction product by transmission
electron microscopy (TEM). We found that endosomes were
primarily localized to one centriole (Figure 4A). Moreover,
most were organized into multiple discrete elongated periodic
structures around the distal aspect of one centriole, ultrastruc-
tural features highly reminiscent of subdistal appendages
(Figure 4A, white arrows) [4, 18, 19]. In fact, the majority of
microtubules emanating from this centriole was consistent
with the unique microtubule anchoring function of mother
centriole subdistal appendages (Figure 4A) [19, 20]. Other
Tfn-labeled compartments were organized into linear assem-
blies of vesicles and tubules in the pericentrosomal area
(Figures 4A and 4B, black arrowheads), suggestive of vectorial
transport of endosomes to and from the mother centriole.
To test the role of centrosome-anchored endosome compo-
nents in endosome recycling, we first examined Tfn-recycling
in a pulse-chase experiment ([21]; Figures 4C and 4D). Deple-
tion of centriolin had no detectable effect onmicrotubule orga-
nization or centrosome integrity (Figure S4A; [4]) but increased
the rate of Tfn recycling (Figures 4C and 4D). Initially, there
was no observable difference in the amount of Tfn in cells
(0 to 10 min), but from 20 to 40 min, centriolin-depleted cells
contained less Tfn (Figure 4D). In contrast, cenexin depletion
decreased Tfn recycling and caused Tfn to accumulate in a jux-
tacentrosome recycling endosome.
Inspection of centriolin-depleted cells revealed an increase
in Rab11 immunofluorescence intensity at centrosomes
compared with controls (Figure S4B). There were no gross
defects in early endosome (Figure S4A) or transferrin receptor
organization (Figure S4A), suggesting that centriolin depletion
selectively disrupted Rab11 localization in cells. To test for
Rab11 activity changes, we used two approaches.We isolated
a membrane fraction as a read-out of GTP-bound Rab11 [22].
We also immunoprecipitated active-Rab11 using a cell line
expressing its effector GFP-FIP3 [10]. In both cases, centriolin
depletion increased Rab11 (w2-fold, Figures S4C and S4D),
consistent with an increased amount of active-GTP-bound
Rab11.
We propose that centriolin-depleted cells lose Evi5, causing
activeRab11 tobe retainedoncentrosomes (Figure3C)causing
an increase in centrosome-bound Rab11-GTP (Figure 3C; Fig-
ure S4B). We suggest that the enhanced recycling (Figure 4D)
is due to an increase in the ability of the centrosome-bound
fraction ofRab11 to recycle cargo from the recyclingendosome
to the plasma membrane at a faster rate. In contrast, cenexin
depletion inhibits the ability of Rab11 to recycle endosomes
(Figure 4D) due to loss of appendage-boundRab11 (Figure 1D).
These findings support and add to our in vitro binding studies
(Figure 3A) by illustrating that the association of Rab11 with
the mother centriole is important for efficient recycling through
the juxtacentrosomal recycling endosome.In conclusion, it has been known for some time that recy-
cling endosomes are found in the pericentrosomal area and
are influenced by Rab11 activity. However, little is known
about the relationship between these juxtaposed organelles
at the structural, molecular, or functional level. Here we show
that the appendages of the mother centriole and recycling en-
dosomes are in intimate contact (Figures 4A and 4B). We show
that Rab11 and its GAP, Evi5, are linked to the centriolar
appendages through the centrosome proteins cenexin and
centriolin (Figures 1 and 2). This is the first evidence for a novel
centrosome-anchored molecular pathway for the inactivation
of Rab11 and regulation of endosome recycling through
a complex series of protein interactions and activities.
The discovery of a structural association between the
endosome and the centrosome with complex molecular
underpinnings has new and unexpected implications for recy-
cling endosome function. This new liaison has additional impli-
cations for a variety of biological processes including
cilia formation and function [9, 23], asymmetric cell division
[24–27], and cell polarity [28, 29]. It is also likely that centro-
some function will itself be influenced through its association
with the endosome, although this has yet to be explored.
The latter brings up an intriguing question: Do recycling endo-
somes bound to centrosomes impart properties to centro-
some activities, known and new? One result that suggests
this might be the case is the dual role of dynamin-2 in both
vesicle formation and centrosome cohesion [30]. Thus, it is
also possible that Rab11 and other endosome-associated
molecules bound to the centrosome may play dual roles in
endosome and centrosome function. This observation and
the endosome-centrosome connection, lead us to speculate
that the centrosome may directly associate with other
(membranous) organelles, such as the Golgi apparatus or
endoplasmic reticulum, generating a new repertoire of previ-
ously unappreciated combined functions for both organelles.
Future investigations will be required to test these ideas.
Supplemental Information
Supplemental Information includes four figures and Supplemental Experi-
mental Procedures and can be found with this article online at http://dx.
doi.org/10.1016/j.cub.2012.08.022.
Acknowledgments
We thank Mary Munson and David Lambright (UMMS), Alison Bright and
Tse-Chun Kuo (UMMS, Doxsey Lab), and Charles Yeaman (University of
Iowa) for reading versions of this manuscript. The following grants
supported this work S10RR027897 (TEM, UMMS), 2R01 GM051994-15A2
(S.D.), and F32 GM095161-01 (H.H.).
Received: March 13, 2012
Revised: July 16, 2012
Accepted: August 13, 2012
Published online: September 13, 2012
References
1. Gromley, A., Yeaman, C., Rosa, J., Redick, S., Chen, C.T., Mirabelle, S.,
Guha, M., Sillibourne, J., and Doxsey, S.J. (2005). Centriolin anchoring
of exocyst and SNARE complexes at the midbody is required for secre-
tory-vesicle-mediated abscission. Cell 123, 75–87.
2. Wu, S., Mehta, S.Q., Pichaud, F., Bellen, H.J., and Quiocho, F.A. (2005).
Sec15 interacts with Rab11 via a novel domain and affects Rab11 local-
ization in vivo. Nat. Struct. Mol. Biol. 12, 879–885.
3. Zhang, X.-M., Ellis, S., Sriratana, A., Mitchell, C.A., and Rowe, T. (2004).
Sec15 is an effector for the Rab11 GTPase in mammalian cells. J. Biol.
Chem. 279, 43027–43034.
Current Biology Vol 22 No 20
19504. Gromley, A., Jurczyk, A., Sillibourne, J., Halilovic, E., Mogensen, M.,
Groisman, I., Blomberg, M., and Doxsey, S. (2003). A novel human
protein of the maternal centriole is required for the final stages of cyto-
kinesis and entry into S phase. J. Cell Biol. 161, 535–545.
5. Mitchison, T., and Kirschner, M. (1984). Microtubule assembly nucle-
ated by isolated centrosomes. Nature 312, 232–237.
6. Faitar, S.L., Dabbeekeh, J.T.S., Ranalli, T.A., and Cowell, J.K. (2005).
EVI5 is a novel centrosomal protein that binds to alpha- and gamma-
tubulin. Genomics 86, 594–605.
7. Dabbeekeh, J.T.S., Faitar, S.L., Dufresne, C.P., and Cowell, J.K. (2007).
The EVI5 TBC domain provides the GTPase-activating protein motif for
RAB11. Oncogene 26, 2804–2808.
8. Laflamme, C., Assaker, G., Ramel, D., Dorn, J.F., She, D., Maddox, P.S.,
and Emery, G. (2012). Evi5 promotes collective cell migration through its
Rab-GAP activity. J. Cell Biol. 198, 57–67.
9. Kno¨dler, A., Feng, S., Zhang, J., Zhang, X., Das, A., Pera¨nen, J., and
Guo,W. (2010). Coordination of Rab8 andRab11 in primary ciliogenesis.
Proc. Natl. Acad. Sci. USA 107, 6346–6351.
10. Wilson, G.M., Fielding, A.B., Simon, G.C., Yu, X., Andrews, P.D., Hames,
R.S., Frey, A.M., Peden, A.A., Gould, G.W., and Prekeris, R. (2005). The
FIP3-Rab11 protein complex regulates recycling endosome targeting to
the cleavage furrow during late cytokinesis. Mol. Biol. Cell 16, 849–860.
11. Fielding, A.B., Schonteich, E., Matheson, J., Wilson, G., Yu, X., Hickson,
G.R., Srivastava, S., Baldwin, S.A., Prekeris, R., and Gould, G.W. (2005).
Rab11-FIP3 and FIP4 interact with Arf6 and the exocyst to control
membrane traffic in cytokinesis. EMBO J. 24, 3389–3399.
12. Ishikawa, H., Kubo, A., Tsukita, S., and Tsukita, S. (2005). Odf2-deficient
mother centrioles lack distal/subdistal appendages and the ability to
generate primary cilia. Nat. Cell Biol. 7, 517–524.
13. Soung, N.-K., Park, J.E., Yu, L.R., Lee, K.H., Lee, J.M., Bang, J.K.,
Veenstra, T.D., Rhee, K., and Lee, K.S. (2009). Plk1-dependent and
-independent roles of an ODF2 splice variant, hCenexin1, at the centro-
some of somatic cells. Dev. Cell 16, 539–550.
14. Yoshimura, S.-I., Egerer, J., Fuchs, E., Haas, A.K., and Barr, F.A. (2007).
Functional dissection of Rab GTPases involved in primary cilium forma-
tion. J. Cell Biol. 178, 363–369.
15. Faitar, S.L., Sossey-Alaoui, K., Ranalli, T.A., and Cowell, J.K. (2006).
EVI5 protein associates with the INCENP-aurora B kinase-survivin
chromosomal passenger complex and is involved in the completion of
cytokinesis. Exp. Cell Res. 312, 2325–2335.
16. Eldridge, A.G., Loktev, A.V., Hansen, D.V., Verschuren, E.W., Reimann,
J.D., and Jackson, P.K. (2006). The evi5 oncogene regulates cyclin
accumulation by stabilizing the anaphase-promoting complex inhibitor
emi1. Cell 124, 367–380.
17. Westlake, C.J., Junutula, J.R., Simon, G.C., Pilli, M., Prekeris, R.,
Scheller, R.H., Jackson, P.K., and Eldridge, A.G. (2007). Identification
of Rab11 as a small GTPase binding protein for the Evi5 oncogene.
Proc. Natl. Acad. Sci. USA 104, 1236–1241.
18. Doxsey, S.J., Stein, P., Evans, L., Calarco, P.D., and Kirschner, M.
(1994). Pericentrin, a highly conserved centrosome protein involved in
microtubule organization. Cell 76, 639–650.
19. Bornens, M. (2012). The centrosome in cells and organisms. Science
335, 422–426.
20. Delgehyr, N., Sillibourne, J., and Bornens, M. (2005). Microtubule nucle-
ation and anchoring at the centrosome are independent processes
linked by ninein function. J. Cell Sci. 118, 1565–1575.
21. Sheff, D.R., Daro, E.A., Hull, M., and Mellman, I. (1999). The receptor re-
cycling pathway contains two distinct populations of early endosomes
with different sorting functions. J. Cell Biol. 145, 123–139.
22. Zerial, M., and McBride, H. (2001). Rab proteins as membrane orga-
nizers. Nat. Rev. Mol. Cell Biol. 2, 107–117.
23. Westlake, C.J., Baye, L.M., Nachury, M.V., Wright, K.J., Ervin, K.E.,
Phu, L., Chalouni, C., Beck, J.S., Kirkpatrick, D.S., Slusarski, D.C.,
et al. (2011). Primary cilia membrane assembly is initiated by Rab11
and transport protein particle II (TRAPPII) complex-dependent traffick-
ing of Rabin8 to the centrosome. Proc. Natl. Acad. Sci. USA 108, 2759–
2764.
24. Emery, G., Hutterer, A., Berdnik, D., Mayer, B., Wirtz-Peitz, F., Gaitan,
M.G., and Knoblich, J.A. (2005). Asymmetric Rab 11 endosomes regu-
late delta recycling and specify cell fate in the Drosophila nervous
system. Cell 122, 763–773.
25. Januschke, J., Llamazares, S., Reina, J., and Gonzalez, C. (2011).
Drosophila neuroblasts retain the daughter centrosome. Nature
communications 2, 243.26. Wang, X., Tsai, J.W., Imai, J.H., Lian, W.N., Vallee, R.B., and Shi, S.H.
(2009). Asymmetric centrosome inheritance maintains neural progeni-
tors in the neocortex. Nature 461, 947–955.
27. Yamashita, Y.M., Mahowald, A.P., Perlin, J.R., and Fuller, M.T. (2007).
Asymmetric inheritance of mother versus daughter centrosome in
stem cell division. Science 315, 518–521.
28. Feldman, J.L., and Priess, J.R. (2012). A Role for the Centrosome and
PAR-3 in the Hand-Off of MTOC Function during Epithelial
Polarization. Curr Biol 22, 575–582.
29. Hehnly, H., and Doxsey, S. (2012). Polarity sets the stage for cytokinesis.
Mol. Biol. Cell 23, 7–11.
30. Thompson, H.M., Cao, H., Chen, J., Euteneuer, U., and McNiven, M.A.
(2004). Dynamin 2 binds gamma-tubulin and participates in centrosome
cohesion. Nat. Cell Biol. 6, 335–342.
31. Blomberg-Wirschell, M., and Doxsey, S.J. (1998). Rapid isolation of
centrosomes. Methods Enzymol. 298, 228–238.
